The six genera of corvids endemic to the Americas (i.e., Aphelocoma, Calocitta, Cyanocitta, Cyanocorax, Cyanolyca, and Gymnorhinus) form the assemblage that most ornithologists call the New World jays. The intergeneric relationships among these six genera are explored using complete sequences from the cytochrome b gene (1,143 bp) along with 29 morphological characters. A consistent phylogenetic hypothesis was obtained when the data sets were analyzed independently or in a total evidence approach. The phylogeny presented in this paper does not corroborate the existence of two evolutionary lineages as previously proposed by Hardy (1961 Hardy ( , 1969 . The most basal genus of the New World jays is Cyanolyca, which also is supported by independent evidence on cranial anatomy. The remainder of the genera are embedded within two major clades. The most derived is formed by Cyanocitta, Aphelocoma, and Gymnorhinus, being Cyanocitta the most basal genus within this clade. Calocitta and Cyanocorax constitute the other clade. A very close relationship between these two genera is supported by bootstrap values and branch support analysis. These results corroborate the hypothesis that the Piiion Jay (Gymnorhinus cyanocephalus) is a true New World jay, and a putative relationship with nutcrackers is not supported. The phylogeny obtained is used to infer a biogeographic scenario, as well to explain the evolution of a very derived jaw articulation present only in the New World jays. The biogeographic scenario agrees with a relatively recent arrival of a corvine ancestor via Beringia, and a very rapid dispersal and radiation into the Americas.
INTRODUCTION
Corvids (crows, jays and allies) are one of the most successful groups of passerine birds. The family has a world-wide distribution and exhibits a high species diversity. The corvids encompass a total of 25 genera and 113 species, which are found in numerous kinds of habitats (Goodwin 1976, Madge and Bum 1994). Six genera of corvids (i.e., Aphelocoma, Calocitta, Cyanocitta, Cyanocorax, Cyanolyca, and Gymnorhinus, sensu AOU 1983) are endemic to the Americas and have successfully radiated within tropical, subtropical, and mild temperate environments. Some morphological characters, like a buttress complex (Zusi 1987), shared by these taxa seem to support their monophyly, and for most ornithologists these six genera comprise the so-called New World jays. In contrast, others have argued that Gymnorhinus (the Pifion Jay) should be excluded from this assemblage. For instance, Hardy (1961) postulated that the Pition Jay was most closely related to Old World corv-within the group showed highly unstable topologies, her results supported the monophyly of the New World jays on the basis of four derived characters: (a) a very high rostra1 crest of the lateral cotyla of the mandible, (b) a rostral articulation of the lower jaw, (c) the presence of a medial basal ridge on the quadrate, and (d) an extensive fusion of the prepalatine bar to the ventral bar of the jaw. Hope (1989) presented three different phylogenetic hypotheses for relationships within the New World jays. In all of them, however, the genera Aphelocoma and Cyanocorux were postulated to be paraphyletic. Another constant result was the emergence of Cyanolyca as the most basal taxon. A strict consensus tree of the three solutions highlights the unresolved relationships among the New World jays (Fig. Id) .
The development of molecular protocols has allowed the integration of biochemical data into phylogenetic analysis. Sibley and Ahlquist (1985) employed DNA-DNA hybridization distances to explore the phylogenetic affinities among corvids. Their analysis included three genera of New World jays (Cyanocitta, Aphelocoma, and Cyanocorux). Their results show the New World jays as a paraphyletic group inside the tribe Corvini (sensu Sibley and Ahlquist), which also includes crows, magpies, nutcrackers and coughs. It should be noted, however, that the resolving power of DNA hybridization data, as well as the methodology used to analyze them, have been questioned (Cracraft 1987 , Houde 1987 , Harshman 1994 .
Several other molecular studies have addressed the phylogenetic relationships within the corvine assemblage (Sibley and Ahlquist 1990, Helm-Bychowski and Cracraft 1993). However, none of these studies has confronted relationships within the New World jays in detail. The goal of the present study is to clarify the generic interrelationships of these taxa by generating a new data set, namely sequences from the mitochondrial cytochrome b gene.
To avoid further confusion, we will use the noun "jays" when referring to the seven genera of corvids used in this study, and the noun "New World jays" for the six genera endemic to the Americas (Aphelocoma, Calocitta, Cyanocitta, Cyanocorax, Cyanolyca, and Gymnorhinus). 
METHODS

TAXA EXAMINED
Complete cytochrome b gene sequences (1,143 bp) were determined for six species of jays (Table l), each representing a different genus within the lineage. Four sequences belong to what conventionally has been recognized as the core New World jays: the Scrub Jay (Aphelocoma coerulescens), Magpie Jay (Culocittu forrnosa), Plushcapped Jay (Cyunocorax chrysops), and Whitecollared Jay (Cyanolycu viridicyana). The fifth sequence corresponds to the Piiion Jay (Gymnorhinus cyunocephalus) which for some ornithologists should be considered as a close relative to New World jays, but not as part of this assemblage. Finally, the last sequence belongs to the Gray Jay (Perisoreus cunadensis).
The rest of the sequences used for this analysis were taken from Helm-Bychowski and Cracraft (1993). The Blue Jay (Cyanocittu cristutu) complemented the sequences of the New World jays presented here. Four species of birds-ofparadise (Munucodiu keruudrenii, Epimuchus fustuosus, Ptiloris paradiseus, and Cicinnurus mugnificus) and two bowerbirds (Ailuroedus melunotus and Ptilonorhynchus violuceus) were used as representatives of closely related lineages within the corvine assemblage. Finally, the Hermit Thrush (Cuthurus guttutus), a noncorvine passerine, was employed as an outgroup to root the tree.
DNA EXTRACTION AND SEQUENCING
Frozen tissue (muscle, liver and heart) of selected taxa was obtained from the Museum of Natural Science, Louisiana State University, and the Museo de Zoologia Facultad de Ciencias, Universidad National Autonoma de Mexico. To- (Bremer 1988 (Bremer , 1994 Kornegay et al. 1993 ). These nuclear copies are characterized by frameshifts and nonsense codons, neither of which were apparent in the sequences that we obtained. Furthermore, based on the fact that the complete cytochrome b gene was isolated initially as a single fragment, we assume that these sequences are of mitochondrial origin only. Therefore, they do not represent pseudogenous or translocated fragments that might be located elsewhere in the jays' genome.
The nucleotide ratio among the different taxa is typical for the avian cytochrome b gene. The average relative frequencies of each kind of nucleotide for the DNA sequences was: 3 1.87% cytosine, 25.84% thymine, 29.22% adenine, and 13.08% guanine. Third positions showed an average divergence of 35.6%, followed by first positions with 8.28%, and finally second positions with 2.84%.
The complete data set (14 taxa), contained a total of 332 phylogenetic informative characters, from which 150 sites represent transversion substitutions. Within the jays, the cytochrome b gene had a total of 177 phylogenetic informative characters, and 43 when just transversions were considered. The mean number of base substitutions was 153 (13.4%), a relatively high value when compared to the paradisaeinines which had an average divergence of 111 (9.7%). The transversion analysis showed an average divergence of 47 substitutions (4.08%). The maximum number of transversion differences among the corvids was found between Perisoreus and Calocitta at 76, and the minimum number was 25 between Gymnorhinus and Cyanocitta. Table  3 summarizes the relative nucleotide divergence among the jays.
MOLECULAR PHYLOGENETICS
Examination of the eight basic types of nucleotide substitutions among jays and the outgroup taxa (i.e., Catharus, Ailuroedus and Ptilonorhynchus) reveals a clear saturation in third position transitions (Fig. 2) . Therefore, to avoid the effect of excessive homoplasy in third positions, transversions at this position were up-weighted ten times over transitions (i.e., transitions weight = 0.1) when estimating phylogenetic trees. All other kinds of substitutions were considered with equal weight, assigning to them the same weight as third position transversions (i.e., weight = 1). We determined this weighting scheme via successive approximations decreasing the weight of third position transitions until the phylogenetic analysis yielded a consistent tree. The result produced two equally most parsimonious trees of 428 steps in length with a consistency index of 0.607 and a retention index of 0.466. The only disagreement between the two topologies was the position of Cyanocitta as the sister taxon to the clade Aphelocoma-Gymnorhinus or to the clade Calocitta-Cyanocorax. The signal contained in these trees was condensed by a strict consensus tree and the result is shown in Figure 3 .
Using the Hermit Thrush to root the network, three monophyletic groups were resolved: the jays (Corvidae), birds-of-paradise (Paradisaeidae), and bowerbirds (Ptilonorhynchidae). In all the analyses that we performed, the sister-group to Corvidae was the birds-of-paradise. This was a constant result even when the taxa within the Taxa   TOT  TS  TV  I St  2nd  3rd  Its  1tv  2ts  2tv  3ts tions; therefore, for this and the subsequent analyses all characters were considered as equally weighted. Once this was done, a single most parsimonious tree of 935 steps in length was found (Fig. 4) . This topology is consistent with the result obtained in the previous analysis, and the polytomy inside the jay clade is resolved. In this tree, Cyanocitla is the sister taxon to the clade Aphelocoma-Gymnorhinus, the sister-group to them is the clade Calocitta-Cyanocorax, and the most basal genus of the New World jays is Cyanolyca. Finally, the sister-group to the New World jays is the Gray Jay (Perisoreus canadensis). A bootstrap test was computed for this phylogeny and only the clade formed by CalocittaCyanocorux had a substantially high value (98%). Although the rest of the nodes show low bootstrap values, an increase in the branch support for each node suggests that the phylogeny has gained stability.
Finally, if the interrelationships of the jays are examined using Perisoreus as the root of the tree, a single tree with a length of 582 steps, consistency index of 0.729, and retention index of 0.325 is found. This result yields an identical pattern of relationships to that of the previous analysis. Although no changes are registered for the relationships among the genera, no improvement in bootstrap or branch support is observed.
A constant result in all these phylogenies was the high support for the clade Calocitta-Cyanocorux. In the last analysis, the bootstrap value for that clade was 99%, and to break apart this clade it was necessary to incur an additional 13 steps from the most parsimonious solution.
CLADISTIC ANALYSIS OF MORPHOLOGICAL CHARACTERS
A cladistic analysis of the morphological data (Table 2; Appendix I), which included only the New World jay genera and Perisoreus, resulted in two equally parsimonious trees of 62 steps each. Using Perisoreus as the root, the relationships depicted in these trees are consistent with the results obtained using the molecular data alone. One of the trees shows exactly the same topology as the one obtained for the molecular data set. The alternative tree differs in the position of Gymnorhinus which is placed as the sister taxon to the clade Aphelocoma-Cyanocitta. Thus, the strict consensus of these two trees presents an unresolved node for these three taxa. In this analysis, two nodes received significant values from the bootstrap test and branch support. The clade formed by Aphelocoma-cyanocitta-Gymnorhinus was represented in 82% of the bootstrap replicates, and had a branch support value of three. The clade Calocitta-Cyano--13 Cyanolyca Perisoreus Birds-of-Paradise FIGURE 4. Single most parsimonious tree for the jays using birds-of-paradise as the outgroup (length: 935 steps; CI: 0.588; RI: 0.388). Using this outgroup, no evident saturation is observed in the data, therefore in this analysis all characters were considered with the same weight. Percentages are bootstrap values; numbers represent the branch support for the specified node. When the birds-of-paradise were deleted and Perisoreus was used to root the phylogeny the same topology was obtained using molecular, morphological, and total evidence analysis. Letters are the reference name for each node as used in Table 4 . 
COMBINED ANALYSIS
The morphological and molecular data sets were combined in a total evidence approach. The search yielded a single most parsimonious tree of 644 steps, a consistency index of 0.738 and a retention index of 0.369. The total evidence tree corroborated the results obtained with the other two data sets. In this analysis all the nodes have bootstrap values over 80% and branch support of at least eight. Bull et al. (1993) suggested that combining different data sets in which results are not significantly different from one another will result in a strongly corroborated phylogenetic hypothesis. When the data sets were analyzed independently, alternative trees were only one step away from the most parsimonious tree, but in the combined analysis the nearest trees were eight steps longer than the most parsimonious solution. A comparison among the three analyses and a detailed list of statistics is presented in Table 4 .
DISCUSSION COMPARISONS WITH PREVIOUS PHYLOGENIES
The molecular phylogeny obtained for the complete set of taxa (Fig. 3) coincides in several general points with other higher-level hypotheses proposed for passerine interrelationships. Our phylogenetic analysis (hypothesis) was able to identify as monophyletic the three main groups of birds represented (i.e., Corvidae, Paradisaeidae and Ptilonorhynchidae). The relationships depicted here among jays, birds-of-paradise and bowerbirds are consistent with previous reviews of corvid phylogeny (Sibley and Ahlquist 1985, 1990, Edwards et al. 1991, HelmBychowski and Cracraft 1993). With respect to the New World jays, this phylogeny agrees with the proposal that these birds are a monophyletic group. There are disagreements, however, when our hypothesis is contrasted to other phylogenies at finer levels.
For instance, one of the hypotheses about the history of the New World jays (hereafter referred to as Hardy' s hypothesis) proposes a separation into two distinct lineages, the so called "ornate" and "inomate" lines (Hardy 1961 (Hardy , 1969 . The phylogenetic hypothesis proposed by us (Fig. 4) , does not support Hardy' s hypothesis. Incongruences arise with the position of Cyanolyca. Based on external morphology and behavior, Hardy' s hypothesis sustains the idea that the species in the genus Cyanolyca are the most primitive of the New World jays, which is consistent with our phylogeny. However, Hardy' s hypothesis also postulates that Cyanolyca should be placed inside the inomate lineage along with the genus Aphelocoma. Hardy' s hypothesis arose mainly because some species of Cyanolyca produce a relatively simple call very similar to those of Aphelocoma. Indeed, Cyanolyca was discarded as a generic name, and its species were included within Aphelocoma. Our phylogeny suggests that these two genera are not each other' s closest relatives: Cyanolyca appears as the most basal clade within the New World jays, whereas Aphelocoma is the sister taxon to Gymnorhinus comprising one of the most derived clades. One of the major problems in Hardy' s systematic study is that the so-called inomate lineage was established using plesiomorphic characters (e.g., no crests, uniform bluish above, gray below, simple calls), therefore this lineage can not be accepted as a cladistic entity.
Hardy' s hypothesis recognized the remainder of the genera as the ornate line, and lumped them as a subgenus within Cyanocorax (Hardy 1969 Hardy (1961 Hardy ( , 1969 .
Finally, Peterson (in Edwards and Naeem 1993) proposed a phylogenetic hypothesis for the New World jays based on electrophoretic data. The phylogeny shows an unresolved clade formed by Aphelocoma, Cyanocitta, and Gymnorhinus, which is the sister-group to an unresolved clade consisting of Calocitta, Cyanocorax, Psilorhinus, and Cissilopha; the sister-taxon to these clades was the genus Cyanolyca. Although the tree is not resolved, Peterson' s results are consistent with the hypothesis presented here.
ON THE POSITION OF THE PIfiON JAY
A key question investigated by those interested in the evolutionary history of New World corvids has been the phylogenetic position of the Pinon Jay (Gymnorhinus cyanocephalus). The results presented here agree with the hypothesis that Gymnorhinus belongs to the New World jay assemblage, and they also support the placement of this genus as the sister-taxon to Aphelocoma, well inside the New World jay assemblage. Thus, another question can be raised: Why are there so many similarities in morphology and behavior between the Pifion Jay and Clark' s Nutcracker (Nucifraga columbiana)? Although this analysis did not include any representative of the genus Nucifraga, alternative morphological evidence supports the hypothesis that nutcrackers are not members of the New World jay lineage. Zusi (1987) described a structural configuration of the jaw articulation called the buttress complex that is a shared character of all genera of jays endemic to the New World, including Gymnorhinus, but which is absent from all Old World genera. This character supports the monophyly of New World jays to the exclusion of Nucifraga and Perisoreus. There is additional evidence supporting the hypothesis that Gymnorhinus is a specialized New World jay that is superficially similar to Nuczfraga. Both species live in the same kind of coniferous forest under similar environmental conditions. The Pifion Jay and Clark' s Nutcracker base their diet on pine seeds, and both use their beaks for stabbing into unripe cones, hammering on bark, and probing the ground (Marzluff and Balda 1992). Similarity in external morphology and behavior presumably have converged in the two. Only Nuczfraga species possess a specialized structure (i.e., sublingual pouch) for carrying conifer seeds, whereas the Pinion Jay uses a distensible esophagus to resolve this problem. Thus, the presence of different morphological structures for carrying seeds suggest that these two genera independently acquired their specialized dependence on pine seeds (Ligon 1974 ). In addition, the Pifion Jay shares other features with the New World jays that are lacking in Nucifraga: (1) the Pirion Jay is completely blue as are many New World jays, (2) chicks of the Pifion Jay are naked at birth, whereas down is present in nutcrackers, crows and ravens, and (3) the presence of the buttress complex in Gymnorhinus.
ON THE EVOLUTION OF THE BUTTRESS
COMPLEX
The development and complexity of the buttress complex varies among the different genera of New World jays. Specimens of Cyanolyca examined in the American Museum of Natural History collection showed a very poorly developed buttress complex. Within Cyanocorax the buttress is always present, but in some species the buttress is lower, less vertical, and more widely separated from the rostra1 condyle of the quadrate. In nestlings of Aphelocoma, the mandibular buttress is fully developed at the time of hatching, and the same seems to be true for Cyanocitta and Gymnorhinus (Zusi 1987).
The lack of a robust phylogeny for the New World jays has made an interpretation of the evolutionary history of this structure difficult. Zusi was unable to decide if the intermediate stages found in Cyanocorax represented the starting point of a morphocline or if they were secondarily reduced. Furthermore, it was not possible to infer whether the buttress complex developed only once or multiple times within New World jays. Zusi' s interpretation of the evolution of the group based on this character made him conclude that CyanoZyca should be the sister-group to the remaining genera of New World jays. Building on the ideas presented by Zusi, the descriptions of the jaw articulation for the jays can be interpreted within the context of the phylogeny proposed in this analysis (Fig. 5) . The result is a gradual increase in complexity toward the most derived lineages. It is possible, moreover, to identify three general patterns in the development of the jaw articulation and each apparently evolved once. The rudimentary buttress complex of Cyanolyca probably resembles the condition that was present in the ancestor of the New World jays. An increase in complexity occurred in the ancestor of the rest of the genera and a similar form remains in Cyanocorux and Culocittu. Finally, the highest complexity was reached in the ancestor of Aphelocoma, Cyanocitta, and Gymnorhinus.
BIOGEOGRAPHIC SCENARIO
Although absolute dates of diversification cannot be obtained without reliable paleontological data, some studies have suggested that relative times can be estimated based on differences in transversion substitutions in mitochondrial DNA (Brown et al. 1982 , DeSalle et al. 1987 , Miyamoto and Boyle 1989 , Irwin et al. 1991 ). This clock principle bases its assumptions on a uniform rate of molecular evolution within a clade. Peterson (1992) showed that some Aphdocoma jay populations present evolutionary rates three to four times greater than those of their sister taxa, making the assumption of a molecular clock for this group unreliable. Sibley and Ahlquist (1985) proposed that the origin of corvines can be traced to Australia. Between 20 to 30 million years ago the ancestor of crows and jays was able to disperse to Asia and the group radiated in Asia and Europe. More recently an invasion through Beringia resulted in the colonization of the New World by the corvids. Along these analyses, we have followed the assumption that all the genera as defined are monophyletic. We acknowledge the need for detailed analyses at the species level, especially for the genus Cyanocorax in which former genera have been lumped (i.e., Cissilopha, Psilorhinus and Xanthoura). Another genus that certainly deserves attention is Cyanolyca, because the specific status of some of their populations have been debated for a long time. Therefore, until some of these problems are settled the overall intergeneric relationships among the New World jays presented here should be considered tentative. 
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